The leguminous tree Acacia albida plays a major role in the agro-sylvo-pastoral balance of the Sahelian regions of Africa. In contrast with other Sahelian trees, A. albida has the unique phenology of bearing leaves in the dry season and shedding them at the beginning of the wet season. Taking advantage of this inverted phenological cycle, farmers grow crops under the leafless trees during the rainy season and nomads can use the aerial forage for their cattle during the long dry season. It has been repeatedly observed that the soil nitrogen content is several times higher under A. albida than outside its cover (9) and that crops benefit from the nutrients brought to the soil surface with the leaf litter. The contribution of symbiotic N2 fixation by A. albida to this input of nitrogen to soil has been questioned since attempts to find root nodules on mature trees were unsuccessful (2) . Up to now, only young A. albida grown in forest nurseries have been shown to be nodulated and to fix nitrogen actively (2a) .
In the Sahelian zone, with an annual rainfall of 100 to 500 mm (10) , the ecological distribution of A. albida is always dependent on the presence of deep water resources. A. albida typically develops a lateral root system near the surface and a main tap root system which can reach the water table at depths reaching 40 m. Surface roots are exposed to the climatic fluctuations, while deep roots grow in more constant temperature and humidity conditions. A. albida can also thrive in more humid areas of the SudanoGuinean zone (1,000 to 1,500 mm of annual rainfall), where this species is mainly found in paddy fields. In such environments, the water table depth varies from 1.5 to 4.5 m during the dry season and A. albida only develops surface lateral roots.
Rhizobia isolated from young A. albida root nodules have been characterized as slow-growing Bradyrhizobium species (3), whereas most Sahelian acacias (e.g., Acacia senegal, Acacia raddiana, Acacia nilotica) nodulate with fast-growing Rhizobium species. Consequently, the A. albida symbionts will be referred to as bradyrhizobia. for the presence of Bradyrhizobium isolates able to nodulate A. albida.
Enumeration of bradyrhizobia. A. albida seeds were surface sterilized with concentrated sulfuric acid for 1 h. After this treatment, the seeds were washed with sterile water until all traces of acid were removed. The seeds were germinated for 48 h in sterile petri dishes containing water agar (0.8%), and the seedlings were transferred to tubes containing agar slants of Jensen medium (12) . The number of bradyrhizobia in soil samples was estimated by the plant infection most-probable-number technique (1) . A range of soil dilutions from 10-1 to 10-6 with four plants per dilution was used. Five days after transplantation in the tubes, theA. albida seedlings were inoculated with 1 ml of each soil dilution and placed in a temperature-controlled greenhouse at 30°C. Uninoculated plants did not form nodules, indicating no contamination by exogenous rhizobia. After 4 weeks, the roots were examined for the presence of nodules.
Isolation and cultivation of bradyrhizobia. Nodules formed in tubes were collected from the highest dilution of each soil sample, surface sterilized in 0.1% HgCl2, washed several times with sterile water, squashed on yeast extract-mannitol agar (12) , and streaked to obtain isolated colonies. All isolates were incubated at 28°C. Culture Characterization of the Bradyrhizobium isolates. We obtained 80 isolates from nodules in culture tubes (Table 2 and 3). All were typically slow-growing on yeast extract-mannitol agar (colony appearance in 5 to 6 days) and thus considered as belonging to the genus Bradyrhizobium (8) .
In Louga ( Very few nodules had previously been recovered from A. albida in the field. Therefore, soil enrichment by this tree was considered to be due to the ability of the extensive and deep root system of A. albida to scavenge soil mineral N concentrated as organic N in the leaves before being released during decomposition of litter at the soil surface. We found actively fixing root nodules on young and mature trees in the wet paddy soils of Casamance, which suggested that mature A. albida trees are potentially good nitrogen fixers. Our results suggest that the potential importance of symbiotic N2 fixation by A. albida to soil enrichment has been underestimated.
In the typical Sahelian area, which is the usual habitat of A. albida, surface nodulation of this tree is lacking and surface Bradyrhizobium populations are low, which suggests that the nitrogen-fixing potential of the tree at the soil surface is negligible. In deep soils, we did not recover nodules during our survey, but we found relatively high Bradyrhizobium populations. These densities are consistent with the assumption that nodules might be formed at depth when the conditions are favorable. This assumption will be tested by evaluation of N2 fixation using the 15N natural abundance method (11, 13) Deep soil samples (34 m) from Louga showed very low total nitrogen (0.05%) and organic carbon (0.15%) concentrations. This low N and C availability in deep soils could be expected to limit microbial activity, but the presence of the active root system of A. albida could greatly improve the deep soil environment for bradyrhizobia in the vicinity of roots. It is also interesting that in the Sahelian area, the largest populations of bradyrhizobia were found at the depth where small A. albida root fragments were present in soil samples recovered from the coring. In the Sudano-Guinean area, the presence of a high density of roots from the surface to the water table could also explain the large populations of bradyrhizobia present in the paddy fields of Casamance. We recently found in Kabrousse that population densities of bradyrhizobia were negligible (<l/g of soil) in the soils outside the tree canopy (3a) . This suggests that the presence of significant populations of bradyrhizobia depends on root activity and root products.
The variability among the Bradyrhizobium isolates is currently being studied in our laboratory, and it is our aim to determine whether there is a distinction between isolates from surface or deep soil, the latter ones being adapted to more constancy in water content and temperature than the former. Furthermore, effective isolates from deep soil will be used in the field to inoculate A. albida to test their colonization of its deep root system.
